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Abstract 
In this paper, it presents the fully CMOS compatible pH sensor device for detecting hydrogen ions. Without any 
deposition layer, the sensing membrane is formed naturally on the top of metal. To minimize the whole system size, the 
commercial Ag/AgCl electrode is replaced by gold electrode. The sensitivity is 215uA/pH by using gold electrode as reference 
electrode. The 0.1pH resolution could be achieved in both setups. The results showed the sensitivity and linearity are comparable 
by using commercial electrode or gold electrode as the reference electrode. This work demonstrates ISFET device with native 
aluminum oxide can detect the pH value during 6.9~8, which is suitable for the application of urea detection.  
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1. Introduction  
In 1970, the ion sensitive field effect transistor (ISFET) was first presented by Bergveld [1]. Based on the 
metal-oxide-semiconductor field-effect transistor (MOSFET) construction, the gate oxide of ISFET is replaced by 
an ion selective sensing film. Moreover, the metal layer is removed and exposed into the liquid directly to sense the 
ion. Then this device is used as the transducer for sensing the concentration of ion in the solutions. The hydrogen ion 
is the most simple and important to be detected in the electrochemical or biological environment. There are many 
kinds of films could be used for sensing hydrogen ion. For example, a-Si:H, Si3N4, Ta2O5, Al2O3, a-WO3, SnO2, 
and PMT. One can use the sputter, sol-gel, thermal evaporation, and plasma enhanced chemical vapor deposition 
methods to deposit these sensing films into the device. Up to now, the ISFET is not only for hydrogen ion detection, 
but also for detecting Potassium ion, Sodium ion, urea, penicillin, and even biomaterial – Acetylcholine [2-5]. 
The sensing area of ISFET is equal to the gate area of the device. In order to get higher sensitivity, it needs to 
increase the device area. Spiegel et al. have presented the EGFET (Extended Gate Field Effect Transistor, EGFET) 
[6] to overcome this issue. This method can enlarge the sensing area and constrain the gate size of MOSFET. 
 
In this paper, the EGFET (Extended Gate Field Effect Transistor) [6] structure is used. The native aluminium 
oxide on the top of metal was used as the sensing membrane for detecting hydrogen ion. This oxide formed naturally 
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 which is very thin and non-porous. In addition, based on the standard CMOS process, an ISFET and its read-out 
circuit can be integrated in a signal chip.  
 
2. Design 
The pH value of urea is an important healthy index for kidney, bladder, and even urethra. Chiang et al. have 
reported that the aluminum oxide is one of the useful sensing membrane for measuring hydrogen ions [7]. A simple 
and low-cost ISFET type pH sensor was designed. The scheme of the ISFET shows as the figure 1.  NMOS with 
1um channel length, 25um width and 80 fingers was used. This ISFET was fabricated by CIC 0.35um CMOS 
BioMEMS process [8, 9]. The oxide above the metal 1 was etched off. The aluminium oxide formed naturally on the 
top of M1. This oxide is used as the sensing membrane in this design. This sensing area is 500um X 500um. The 
chip was wire-bonded on the PCB. Besides, to consider the reliability of the ISFET device in the liquid, the chip and 
PCB were covered with epoxy except the sensing area to prevent hydrolysis or ionic attack.  
 
Fig. 1: The scheme of chip cross-section. 
 
Experimental setup 
The experimental setup is shown in figure 2. The ISFET and pH meter (accuracy is +-0.01pH) were 
immersed into the same test solution. Vref was applied on the reference electrode. Since Ag/AgCl electrode is 
difficult to be integrated into the chip, the gold electrode is considered to replace it. We tried both the Ag/AgCl 
commercial electrode and the gold pseudo-electrode [10]. The pH value was continuously changed from alkaline to 
acid and it was measured 30 minutes/step. Besides, 30-second stirring was performed for uniform mixing after 
changing the pH value of the solution.  
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Fig. 2: The scheme of experimental setup. Temperature sensor (1), high resolution pH meter (2), reference electrode (3), ISFET chip (4) 
 
3. Results 
In this measurement, the pH value is continuously detected every 10 second. The environment conditions, 
such as temperature, conductivity of solution, interface between the electrode and solution were well controlled. The 
sensitivity of pH value by using Ag/AgCl reference electrode is shown in figure 3. The drain current will decrease 
from pH6.9 to pH8. The sensitivity is 134uA/pH and linearity is up to 0.96 while the gate voltage applied on the 
Ag/AgCl electrode is 1.6V and Vds is 1V. In this setup, the changing rate is 48.2% per pH value (the base is pH7). 
Then we tried to use gold pseudo-electrode. The applied gate voltage was increased to 1.8V to achieve the similar 
drain current level. Vds was kept at 1V. The sensitivity is 215uA/pH (77.3%/pH based on pH7) and the linearity is 
0.99 from pH7.1 to pH7.68. The measurement results show that the function of gold pseudo-electrode is similar to 
the Ag/AgCl reference electrode. 
 
 
Fig. 3: The sensitivity of pH value by using Ag/AgCl reference electrode. 
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Fig. 4: The sensitivity of pH value by using gold reference electrode. 
 
4. Conclusion  
In this paper, it demonstrates the fully CMOS compatible ISFET sensor could detect pH value from 6.9 to 8 
without any deposition membrane layer. Gold pseudo-electrode is verified to replace the Ag/AgCl electrode. This 
CMOS-based hydrogen ion sensor with gold pseudo-electrode is easily to integrate with other CMOS-based sensor  
and readout circuit for urea detection application.   
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